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JPRS publications contain information primarily from foreign
newspapers, periodicals and books, but also from news agency
transmissions and broadcasts. Materials from foreign-language
sources are translated; those from English-language sources
are transcribed or reprinted, with the original phrasing and
other characteristics retained.
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[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
last line of a brief, indicate how the original information was
processed. Where no processing indicator is given, the infor-
mation was summarized or extracted.

Unfamiliar names rendered phonetically or transliterated are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.

COPYRIGHT LAWS AND REGULATIONS GOVERNING OWNERSHIP OF
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FOREIGN BROADCAST INFORMATION SERVICE
P. O. Box 2604
Washington, D. C. 20013

_ 26 February 1981

NOTE FRCM THE DIRECTOR, FBIS:

Forty years ago, the U.S. Government inaugurated a new
service to monitor foreign public broadcasts. A few years later
a similar group was established to exploit the foreign press.
From the merger of these organizations evolved the present-day
FBIS. Our constant goal throughout has been to provide our readers
with rapid, accurate, and comprehensive reporting from the public
media worldwide.

On behalf of all of us in FBIS I wish to express appreciation

to our readers wio have guided our efforts throughout the years.
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AERONAUTICAL AND SPACE

UDC 629.7.051(075.3)

FLIGHTCRAFT EQUIPMENT

Moscow OBORUDOVANIYE LETATEL'NYKH APPARATOV in Russian 197$ signed to press
23 May 7S pp 2-4, 151-152

[Annotation, preface and table of conteﬁés from book "Flightcraft Equipment", by
Igor' Valentinovich Kolchin, Valentin Ivanovich Kochetkov and Anatoliy Vasil'-
yevich Tumanov, Izdatel'stve "Mashinostroyeniye", 5000 copies, 152 pages]

[Text] The book presents the principles of design and instrumentation of equipment
carried on flightcraft including flight control systems, on-board digital computers,
automation for propulsion units, telemetry systems, electric power supply and so on.
An examination is made of methods of checking and testing on-board equipment and
ensuring its reliability.

Preface

Present-day flight vehicles (aircraft, missiles, spacecraft) require a variety of
complex cquipment. They have a flight control system that solves problems of navi-
gation, guidance, orientation and stabilization, propulsion control equipment,

- science and telemetry equipmert, electric power supplies and other systems and
instruments.

The modern flightcraft handles a variety of complicated scientific and national
economic jobs with an effectivencss that depends to a considerable extent on the
technical characteristics of the on-board equipment, and in particular on the type
of flight control system, the dynamic, energy and accuracy characteristics that de-
termine the complexity and quality of the jobs that can be handled by a given
flightcraft.

One of the important areas of development of flightcraft equipment is characterized
by widespread inircduction of airborne digital computer equipment that by its orga-
nizational aad computational functions unifies all equipment into a single complex.
This has had a strong influence on principles of design of airborne equipment as a
- whole, and its individual instruments aund devices.

The authors have made an effort to systematize the material of the book in accord-
ance with an insrwuctional program, and to present it in a form accessible to the
students of toechnical schools. In this connection, the book goes into detail on

the essence of physical processes that take place in equipment devices and systems,
and the presentation iz accompanied by rumerous diagrams and graphs.

1
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Considerable emphasis is given to the design of flight control systems. Therefore
most sections of the book that deal for instance with airborne digital computers,
actuating elements, navigational, telemetric and radio equipment involve the de-
sttiption of instruments and devices that are either directly part of the flight
control systems or are used for testing during development and checking in the
process of operation.

The textbook is based on open-source Soviet and non-Soviet materials listed at the
end of the book. These references can be utilized by readers for an in-depth study
B of individual questions in graduate and undergraduate courses, or in laboratory
- work,

The material of the book is divided by authors as follows: chapters 1, 3, 6, 8 and
the preface were written by V. I. Kochetkov; chapters 2, 4 -- by I. V. Kolchin;
chapters 5, 7, 9 -~ by A. V. Tumanov.

The authors take this occasion to express sincere gratitude to V. B, Degtyareva and
Candidate of Technicai Sciences A. V. Skripitsin for constructive advice and com-
ments made during review of the manuscript.

All comments on the book znd suggestions for improvement should be addressed to:
Moscow, GSP-6, l-y Basmannyy per. 3, izdatel'stvo '"Mashinostroyeniye".

Preface 3
Chapter 1. General Information on the On-Board Equipment of Flightcraft 5
- 1.1. Types and purpose of on-board equipment of flightcraft 5
1.2. Conditions of operation of equipment on flightcraft, and principal re-
quirements for equipment ‘ 7
1.3. Airborne electric power systems 9
Chapter 2. Automatic Equipment of Flightcraft Propulsion Units 15
2.1. Purpose, operating principle and classification of flightcraft propulsion
units 15
2.2, Parameters of engine regulation 19
- 2.3. Elements of automatic engine regulators 23
2.4, Principal engine regulators 29
Chapter 3. Automatic Flight Control Systems 34
3.1. Purpose and classification of automatic flight control systems 34
3.2. Designation and block diagrams of systems for controlling the angular
motion of flightcraft 38
- 3.3. Measurement devices of systems for controlling angular motion 43
3.4. Amplifying and converting devices 55
3.5. Passive systems for angular stabilization of spacecraft 60
3.6. Systems for controlling motion of the center of mass of flightcraft 63
3.7. Peculiarities of controlling the motion of the center of mass of space
vehicles 68
4.8, Principles of design of manual control systems 70
Chapter 4. Actuating Elements of Flightcraft Control Systems 72
4.1. Purpose, makeup, classification and major characteristics 72
4,2, Electric drive 77
4.3, Hydraulic drive 81
- 4.4, Pneumatic drive 83
4.5.Comparative evaluation of actuating elements 84
2
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Chapter 5. Navigational Equipment

- 5.1. General information, Classification. Methods of navigation
5.2. Navigational instruments
543, Navigational equipment using the method of course calculation
5.4. Peculiarities of the navigational equipment of space vehicles
5.5. Positional and surveillance-comparitive navigation systems

a Chapter 6. Radio Equipment
6.1. Systems of command remote control
6.2. Beam guidance systems
6.3. Principles of design of homing guidance systems
6.4. Radar altimeters
Chapter 7. Telemetry Equipment
7.1. General irnformation and classification of telemetry equipment
7.2. Telemetric information
7.3. Elements of telemetry systems

- 7.4. Registration and processing of telemetric information at reception points

Chapter 8. Airborne Digital Computers

8.1. Purpose and principal characteristics

8.2. Makeup and principles of design

8.3. Conversion of input and output data in control systems
8.4. The concept of algorithms

8.5. Monitoring airborne systems in flight

Chapter 9. Tests of On-Board Equipment of Flightcraft, and its Reliability

9.1. Kinds of monitoring and tests of instruments

9.2. Stand tests of systems

9.3. Equipment reliability

9.4. Information on monitoring and measurement instrumentation
References )

COPYRIGHT: Izdatel'stvo "Mashinostroyeniye', 1979
[132-6610]

6610
Cso: 1861
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- : UDC 629.7.036.3:533.697.2(088.8)
AIR SCOOP FOR AN AUXILIARY ENGINE
Soviet Patient No 195896 filed 24 Jul 65, published 25 Jan 80

ANISHENKO, V. G., BAYEV, O. K., BALANDIN, V, V,, GUSEV, Yu. I., ZAKHAROV, V. D.,
RYZHIK, Ya. I., SERDECHNYY, Yu, P., TAPEL'ZON, S. B. and TURCHANIKOV, I. I.

B [From REFERATIVNYY ZHURNAL, AVIATSIONNYYE I RAKETNYYE DVIGATELI No 8, 1980 Abstract
No 8.34.55]

[Text] A patent has been granted for an air scoop for an auxiliary engine. The de-
vice coatains a plug air channel with radial blades. To maintain optimum character-
istics without increasing head drag of the flightcraft, the inlet part of the air
channel is located in a chamber equipped with controllable pod flaps or fuselage
flaps, and a spherical screen that equalizes airflow is installed at the inlet to
the air channel.

COPYRIGHT: VINITI, 1980

[11-6610]
6610
cso: 1861

UDC 621.45.2
ON STUDYING AGGREGATES OF AUXILIARY HOT GAS POWER SOURCES
Khar'kov GAZOVAYA DINAMIKA DVIGATELEY I IKH ELEMENTOV in Russian No 1, 1979 pp 123-125
GOLDAYEV, I. P., IL'INSKIY, V. V. and SKVORCHEVSKIY, Ye, A.

[From REFERATIVNYY ZHURNAL, AVIATSIONNYYE I RAKETNYYE DVIGATELI No 10, 1980 Abstract
= No 9.34.94]

[Text] An examination is made of questions associated with studying the aggregates
of on-board hot gas systems of flightcraft. An evaluation is made of the suitability
of a two-component liquid gas generator for this purpose. Tests are done that show
the range of gas generator parameter control, Figure 1; table 1; references 2.

COPYRIGHT: VINITI, 1980

[10-6610]
6610
CSO: 1861
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MARINE AND SHIPBUILDING

UDC $29.12
PRINCIPLES OF DESIGN OF SUBMERSIBLE SYSTEMS FOR UNDERWATER VEHICLES

Moscow PRINTSIPY POSTROYENIYA POGRUZHNYKH SISTEM PODVODNYKH APPARATOV in Russian
1979 signed to press 13 Jul 79 pp 2, 128

[Annotation and table of contents from book "Principles of Design of Submersible
Systems for Underwater Vehicles", by Vyacheslav Semenovich Yastrebov, Aleksey
Vladimirovich Smirnov and Vladimir Alekseyevich Chelyshev, Izdatel'stvo "Nauka',
1000 copies, 128 pages]

[Text] The book deals with problems of designing and studying submersible (oil-
filled) systems that operate on underwater vehicles under conditions of the in-
fluence of high hydrostatic pressure. An examination is made of characteristics and
versions of design modifications for underwater conditions of passive (electric
drive) and active (hydraulic drive) submersible systems. An examination is made of
the major elements of compensating subsystems -- working fluids, compensators, seal
units, Principles and designs are proposed for the components of submersible sys-
tems that ensure stable characteristics regardless of the depth of immersion.

The book is intended for engineers and technicians engaged in the research and de-
velopment of underwater equipment.

Contents
Introduction 3
Chapter 1. Submersible Systems of Underwater Research Vessels, and Analysis
of Their Peculiarities 6
1.1. Classification of submersible systems 6
1.2. Analysis of the peculiarities of operation of passive submersible systems 11
1.3. Analysis of peculiarities of compensating subsystems 13
1.4. Analysis of particulars of operation of active submersible systems of
vehicles 17
Chapter 2, Investigation of Passive Submersible Systems and Compensating Sub-
systems 25
2.1. Experimental study of electromechanical submersible devices 25
2.2. Analysis of the properties of working fluids, and requirements for them
when using submersible systems 31
2.3. Fxperimental studies of compensators of hydrostatic pressure 40
2.4. Investigation of sealing devices used in passive submersible systems 47
2.5. Principles of design and generalized block diagram of a passive sub-
mersible system 63
5
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Chapter 3. Investigation of Active Submersible Systems 69
B 3.1. Investigation of connecting seals of reciprocating motion of hydraulic
drives 69
3.2. Influence that a change in tubing parameters has on the characteristics
of submersible hydraulic drives 78
3.3. Study of the influence of hydrostatic pressure on the characteristics of
two-s.age electrohydraulic amplifiers 84
3.4. Experimental studies of the influence of hydrostatic pressure on the
characteristics of electrohydraulic amplifiers 100

3.5.Experimental studies of the influence of hydrostatic pressure on the char-
acteristics of a submersible complex with consideration of the mutual

influence of active and passive submersible systems 109
3.6. Design principles and generalized layout of a submersible hydrodrive 116
3.7. Generalized structural plan of the influence of high hydrostatic pressure

on the characteristics of a submersible complex 120
References 123

COPYRIGHT: Izdatel'stvo ''Nauka', 1979
[136-6610]

6610
CS0: 1861
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NON-NUCLEAR ENERGY

ENERGY ACCUMULATORS

Moscow NAKOPITELI ENERGII in Russian 1980 signed to press 17 Apr 80 pp 2, 151

[Annotation and table of contents from book "Energy Accumulators,' by Doctor of
Technical Sciences Nurbey Vladimirovich Gulia, Izdatel'stvo "Nauka", 24,500
copies, 153 pages] . .

[Text] The solution of many present-day problems in power, fuel, transportation,

_ environmental protection and others that involve energy production and consumption

: is impossible without using a variety of storage units -~ energy accumulators. And
they will be still more extensively used in future. This book tells about all known
forms of energy accumulators, demonstrates their current capabilities and future
outlock, and gives examples of their application.

Doctor of Technical Sciences N. V. Gulia is the author of more than 150 scientific
papers (including 70 inventions) in the field of energy storage, mainly flywheel

- storage units. A great deal of practical work on storage of mechanical energy
that is now in progress in our nation is being done under his direction or with
his participation.

Contents
The Energy Future of Mankind (in Lieu of an Introduction) 3
Chapter 1. Accumulators of Electrical Energy : 19
Electrochemical accumulators 19
Electric vehicles 37
Electrostatic and electrodynamic accumulators 41
The unsolved mystery of ball lightning L6
Chapter 2. Accumulators of Mechanical Energy 52
Static mechanical accurulators 52
- Physical principles of flywheel (dynamic) accumulators 63
Flywheel accumulators in technology 90
Flywheel accumulators in transportation 104
- Strength calculation of flywheels 118
Chapter 3. Thermal Accumulatcrs 124
Chapter L. Hybrid Arrangements with Energy Accumulators 129
"Symbiosis" of accumulators 129
"Symbiosis" of accumulators and engines . 132
) What Kind of Accumulator is Best? (in Lieu of a Conclusion) 1h7
References 150

COPYRIGHT: Izdatel'stvo "Nauka', 1980
[1284-6610]

6610

- CS0: 1861 7
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NAVIGATION AND GUIDANCE SYSTEMS

UDC 629.7.05:681.5

AUTOMATION OF UNSTEADY FLIGHT CONDITIONS OF AIRCRAFT

Moscow AVTOMATIZATSIYA NEUSTANOVIVSHIKHSYA REZHIMOV POLETA SAMOLETOV in Russian
1980 signed to press 13 Feb 80 pp 2-4, 139-140

[Annotation, preface and table of c-:ontents from book "Automation of Unsteady
Flight Conditions of Aircraft", by Yevgeniy Germanovich Smenkovskiy, Izdatel'stvo
"Mashinostroyeniye™, 1550 copies, 144 pages]

_ [Text] The book examines problems of automating control of an airliner on stages of
takeoff, landing, and transition to a holding pattern. A method of refined lineari-
zation is proposed that improves accuracy of solution on the time interval of

) interest, when a priori information is available on the nature of the process to

- be studied. Considerable emphasis is given to the characteristics of ground-based
and airborne landing and takeoff support facilities.

The book is intended for engineering and technical workers engaged in designing
airborne flight control systems, and also for students majoring in the pertinent
fields in colleges and universities.

Preface

Ir recent years the problems of increasing regularity and safety of civilian airline
flights have aroused considerable interest in problems of automating such flight
stages as takeoff; leveling in the landing process and transition to a holding
pattern. A general distinguishing feature of these flight stages is the use of
unsteady (transient) modes resulting from introduction of large controlling actions
into the aircraft-autopilot system. Such actions bring the system out of the region
of small deviations for which linearized equations are valid. At the same time, the
theoretical analysis of initial nonlinear equations that describe the behavior of
the system in the general case presents nearly insurmountable difficulties. 1In ana-
lyzing the motion of an aircraft at low altitudes typical of the processes of take-
off and leveling during landing, additional complications make it necessary to take
consideration of the changing influence of the ground.

To some extent these difficulties that arise in the design of control systems are
overcome by using facilities of digital technology. In the latter case it is
usually a matter of sorting through a large number of variants, which prolongs the
planning stage and moreover fails to guarantee that the chosen solution is optimum.
On the other hand, the possibilities for optimizing the solution with respect to
certain quality criteria cannot always be used because of the difficulties that

8
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arise in synthesizing the criteria themselves. For example the difficulties of
formalization usually do not permit use of a single generalized criterion to account
for not only such requirements as minimum mass, volume and equipment cost, maximum
reliability, but alsc the quantitative constraints on these factors.

The method of refined linearization of nonlinearities considered in chapter 1
enables us in solving many problems to use the simple apparatus of linear differ-
ential equations with constant coefficients even in the case of large controlling
actions on the system. The additional simplifications of the mathematical descrip-
tion of the motion of the aircraft in these processes are determined by the known
possibilities of disiinguiching sgecial kinds of motion and realizing conditions of
autonomy and invariance of the parameters to be controlled.

Simplifications of the mathematical description of the aircraft that enable detec-
tion of the main laws of control lead to the necessity of subsequent refinement of
recommendations by computer techaiques. For example recommended laws of control

of long-period processes may be supplemented by terms of a correcting nature with
respect to conditions of short-period fluctuations. However, it is quite important
that on the first stage of the work when using analytical methods the problem of
substantiating the decisive terms of the control laws is more rigorously solved.
Thus the analytical and computer methods are not mutually exclusive, but rather
complement one another.

In accordance with the main idea of simplification of the mathematical apparatus,
the book examines only linear control laws. This establishes the maximum corre-
spondence between processes that take place in conventional (visual or instrumental)
and automated control, making it easier for the pilot to change from one kind of
control to the other. We are assuming that the pilot realizes nonlinear control
algorithms only in extreme situations that are completely excluded in normal oper-
ation of the automated system.

Some attention is given in the book to problems of decision making both when land-
ing under conditions of limited visibility, and when taking off in the case of
engine failure or an unfavorable combination of parameters that influence the
length of the takecff distance. 1In this connection, consideration is given to the
characteristics of ground~-based and airborne landing support facilities, including
on-board airstrip imaging equipment, and also the possible principles of operation
of  takeoff indicators (chapter 2).

The book attempts to systematize the presentation of topics relating to automation
of the important flight stages.

The author thanks Czndidzre of Technical Sciences V. N. Prosypalov for constructive
remarks made during review of the manuscript,

Please address suggestions and comments to: 107886 Moscow, GSP-6, l-y Basmannyy
per. 3, izdatel'stvo "Mashinostroyeniye".

Contents

Preface 3
Chapter 1. Mathematical Description of Unsteady Processes of Aircraft Motion 5
1.1. Initial system of equations c¢f controlled longitudinal motion of an aircraft 5
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1.2. Refined linearization of nonlinearities in control problems 8
1.3. Corridors of refined linearization of nonlinearities that appear in the
initial system of equations 12

1.4, Relation between use of the method of refined linearization and consider-
ation of higher-order terms in a Taylor series expansion of the function 23
1.5. Estimation of errors of the method of refined linearization as applied to

problums of aircraft control 30
1.6. Linearized system of equations of controlled longitudinal motion of an
aircrafe 40
Chapter 2, Methods and Means of Takeoff and Landing Support for Aircraft 42
2.1. General characteristics of takeoff and landing support facilities 42
- 2.2. The ajrstrip 43
2.3. Radio equipment for landing approach support 45
- 2.4. Passive method of visualizing the runway 49
2.5, On the problem of establishing contact with runway lights when landing
aircraft under poor weather conditions 54
2.6. Ensuring takeoff safety in the case of failure of one engine 57
2.7. Principles of operation of takeoff indicators 58
Chapter 3. Automating Aircraft Takeoff 62
3.1. General characteristics of takeoff 62
3.2, Optimization of takeoff 63
3.3. Two methods of aircraft control on the second phase of takeoff 69
3.4, Concerning the peculiarities of an aircraft as an object of control on
the second phase of takeoff 70
3.5. Automation of aircraft control on the second phase of takeoff (system
- ‘ without pilot participation) 73
3.6. Automation of aircraft control on the second phase of takeoff (system
with pilot participation) 76
5.7. General approach to forming laws of control of trajectory motion of a
free~-flying aircraft - 80
3.8. Concerning the peculiarities of an aircraft as an object of control on
the th' .d phase of takeoff 81
3.9. Automation of aircraft control on the third phase of takeoff 83
_ 3.10. Concerning the peculiarities of an aircraft as an object of control on
1 the fourth phase of takeoff 89
3.11. Automation of aircraft control on the fourth phase of takeoff 92
N 3.12. On the question of easing the influence that takeoff conditions have on
N phase trajectories 94
Chapter 4. Automating the Landing of Aircraft 98
4.1. General characteristics of landing 98
4.2. Automating control of lateral motion of an aircraft on the second phase
of landing 100
4.3. Automating control of longitudinal motion of an aircraft on the second
phase of landing 106
4.4, Correction of control laws 108
4.5, Support of glide—path lock-in 110
4.6. Prolonged glide mode 113
4.7. Automatic stabilization of flight speed in gliding 114
4.8. Automating aircraft control on the third phase of landing 118
Chapter 5. Automation of Transition to a Holding Pattern 124
5.1. General characteristics of the transition 124
5.2. The question of flight speed stabilization quality within the framework
of the deviation control system 126
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5.3. Ensuring invariance of the flight speed stabilization error in transi-
tion to a holding pattern with respect to engine thrust
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UDC 358.4(24)
OBJECTIVE CONTROL OF PRECISION IN AERONAVIGATION

Moscow OB"YEKTIVNYY KONTROL' TOCHNOSTI SAMOLETOVOZHDENIYA in Russian 1980 signed to
press 28 Sep 79 pp 3-5, 126-127

[Anmotation, introduction and table of contents from book "Objective Control of
Precision in Aeronavigation", by Georgiy Fedoseyevich Molokanov, Voyenizdat,
9500 copies, 128 pages]

[Text] The author, an eminent scientist in the field of aeronavigation, outlines

- in this book the physical essence of major errors in flightcraft navigation, pre-
cision and reliability indices, and gives the mathematical substantiation of ob-
jective control and suggests a technique for processing the results.

The book will be of use to the manegerial and flight staff, students of aviation
- academies and all who are involved in air traffic control, simulation of vehicle
motion and automation of objective control of the accuracy of vehicle motion.

Introduction

The crew of a vehicle, be it in the air, on the land, in the water or under the
water, handles a variety of problems: research, national economic, military and so
forth. Success in carrying out these jobs depends to a great extent on precise
organization of vehicle traffic. As a rule, ground-based transport is confined to

a system of roads, for ocean-going vessels and aircraft the routes are indicated on
maps; by using navigational instruments, the crews ensure adherence to the schedule
and safety of travel on these routes.

Traf fic will be organized (and in military terms this means coordination of strikes
with different kinds of troops, guaranteeing the maximum fighting effectiveness of
their combined efforts) only if the crew follows the indicated route and control
agencies at each instant know the location of the vehicle and its exact time of
arrival at a designated point. It is most difficult to organize traffic in the air
where the motion of aircraft takes place in three dimensions at very high veloci-
ties and frequently at night and in clouds.

Under these conditions it is especially important to set up continuous monitoring
of the actual motion of flight vehicles and their relative locations in order to be
.of assistance to a crew in trouble at any time, as well as to analyze the patternms
that characterize the particulars of flightcraft movement. To do this, appropriate
airborne or ground-based equipment can be used for continuously recording the
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actual flight trajectory of the aircraft for subsequent analysis. Such equipment
is called a control system, and the process of recording and analysis is called
objective control of aircraft flight.

The result of objective control of aircraft flight is automatically recorded infor-
mation or data obtained after additional processing on the actual flight path,
altitude, flight velocity and certain other parameters that are of objective as-
sistance in evaluating the work of the crew in the air.

- The main content of this book is given over to methods of processing the results
of objective control, amalysis of data in the interests of improving accuracy of
aeronavigation, and also (especially important to organization of socialist compe-
tition), recommendations te the manegerial staff of aviation departments whose job

_ it is to organize objective control of flight crews.

Chapter 1 is devoted to a brief description of given flight trajectories typified
"by a constant increase in the fraction of curvilinear segments. A regorous mathe-

matical definition is given of a method of comparing trajectories that is based on
—- the conventional mathematical definition of the distance between two curves. A dis-
closure is made of the physical essence of the major indices of accuracy and relia-
bility of flightcraft navigation over a given trajectory and within the limits of
a delineated strip of the route. The same method is used to check the accuracy and
reliability of the flightcraft in reaching a goal at a designated time, maintaining
an assigned altitude and flight speed.

Chapter 2 gives the theoretical. substantiation of algorithms for automatic process-
ing of the results of objective control by the method of least squares, and also
presents requirements for a rational rate of determination of parameters that are
recorded by technical facilities. The analysis is based on the correlation theory
of random processes (normalized correlation function, its derivatives, spectral
density and so forth), but the calculations are reduced to simple final formulas
and their physical essence is disclosed.

Chapter 3 gives a method of processing the results of objective control of aircraft
flight over a predetermined trajoctory in order to explain the meaning of thorough
in-depth analysis of a completed flight, and to demonstrate the feasibility of auto-
mated processing of the results of analysis. The method is based on a quantitative
_ evaluation of the number of excursions of the random process and their duration.
However, with adequate accuracy for practical purposes a simpler method can be used
to process the results of objective control that consists in introducing an average
time interval that elapses betwezen intersections of the predetermined flight tra-
jectory by the aircraft as it deviates periodically from the route. The physical
essence of the final formulas is erplained.

Chapter 4 presentc a method of ratlonal processing of the results of control of
the accuracy of aeronavigation using two of the most common computers: the small
MIR-2 and the large YeS-1030, that give the results in convenient form, and an
analysis is made of computations¥*,

*The examples of processing results of objective control of precision of aero-
navigation were done on the MIR-2 and 7YeS-1030 computers at the Yu. A. Gagarin
Military Air Academy.
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With the processed results of objective coatrol at hand, one can carefully analyze

the quality of a completed flight, objectively evaluate the work of the crew in the
air, their level of training, find the errors that have been made and suggest ways

to prevent recurrence. It is necessary to have a clear idea of the nature of major
errors of navigation of flight vehicles over a given route, and to know the method

of analyzing them.

Computer equipment should be extensively used to shorten the time for statistical
analysis of a group of flights. If the conditions under which each flight was
completed are specified (type of aircraft, altitude, weather conditions, flight
classification of the crew and so on), then the computer itself can automatically
form data files with respect to a given feature for subsequent analysis. This will
help in finding the way that aeronavigational accuracy depends on flight conditions,
level of training of the crew, type of aircraft and so on.

The detailed breakdown on quality of each completed flight should be supplemented as
statistical data are accumulated with an analysis of the aggregate, which will re-
veal new and important patterns characterizing improvement in maturity of the flight
crew, their training in the air, and will uncover reserves for improvement of this
training, and for flight safety and efficiency.

A complete understanding of methods of processing the results of objective control
is also necessary for properly selecting facilities to get the necessary character-
istics of accuracy in flightcraft navigation that will be conducive to the best
analysis of a forthcoming flight.

The author considers it his duty to thank the chief navigator of the Air Force,
Lieutenant-General of Aviation V. P. Bulanov and Professor V. G. Tarasov for con-
structive criticism that was taken into consideration in completing the manuscript.
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UDC 621.438-55(088.86)
GAS TURBINE ENGINE CONTROL SYSTEM
Soviet Patent No 726360 filed 9 Nov 77 published 5 Apr 80

TFrom REFERATIVNYY ZHURNAL, AVIATSIONNYYE I RAKETNYYE DVIGATELI No 9, 1980 Abstract
No 9.34.75 P]

- YASTREBOV, I. A., KOCHETOV, A. Ye., Sovinskiy, B. I. and BEZCHASTNYY, V. A.

[Text] A gas turbine engine control system is proposed that contains sensors, an
automatic control and monitoring module, AND circuits, a program module, a recorder
and series-conmected OR circuits, switching and actuating elements. To prevent a
‘false command from being sent upon failure of any of the channels of the automatic .
control and monitoring module, as well as to provide automatic monitoring of this
module, the system is modified by adding a stimulating signal unit, a commutator, a
memory unit and a failure signal shaper., The outputs of the program module are con-

- nected to the inputs of the commutator, the AND circuits, the memory unit and the
first input of the failure signal shaper. Connected to the other inputs of this
signal shaper are the outputs of the automatic monitoring and control module, while
the inputs of the AND circuits and the recorder are connected to the shaper outputs.
The sensors and stimulating signal unit are connected through the commutator and the
automatic control and monitoring module to the inputs of the AND circuits. The out-
puts of these circuits are connected to the OR circuits both directly and through
the memory unit., Figure 1.
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FLUID MECHANICS

K. E. TSIOLKOVSKIY AND PROBLEMS OF AVIATION AND AERONAUTICS

Moscow TRUDY TRINADTSATYKH CHTENIY, POSVYASHCHENNYKH RAZRABOTKE NAUCHNOGO NASLEDIYA
I RAZVITIYU IDEY K. E. TSTOLKOVSKOGO in Russian 1979 pp 90-91

[Front Matter and Table of Contents from the collection of papers delivered in

the Aviation and Aeronautics Section of the Thirteenth Lectures Dedicated to Elabo-
ration of the Scientific Heritage and Development of the Ideas of K. E. Tsiolkovskiy
held in Kaluga, 12-15 September 1978, USSR Academy of Sciences, 330 copies, 91 pages]

[Text] The following organizations took part in preparation of the lectures:

The K. E. Tsiolkovskiy State Museum of the Histroy of Astronautics;
The Committee of the USSR Academy of Sciences on Elaboration of the Scientific
Heritage of K. E. Tsiolkovskiy;
The Institute of the History of Natural Science and Technology, USSR Academy of
Sciences;
The Institute of Medical and Biological Problems of the USSR Ministry of Public
Health;
The Yu. A. Gagarin Astronaut Training Center

- The Committee of Astronautics of DOSAAF SSSR

Editorial staff of the lectures:

B. M. Kedrov (chairman), V. V. Balashov, N. G. Belova, Yu. V. Biryukov, L. M. Voro-

b'yev, N. K. Gavryushin, V. V. Dobronravov, V. P. Kaznevskiy, I. S. Kozlov, I. S.
Korochentsev, A. A. Kosmodem'yanskiy, F. P. Kosmolinskiy, Ye. I. Kuznets, V. B. -
Malkin, I. A. Merkulov, Ye. K. Moshkin, A. N. Ponomarev, S. A. Popytalov, V. P.

Senkevich, V. N. Sokol'skiy (deputy chairman), A. D. Ursul, Ye. T. Faddeyev, A. S.

Fedorov, V. I. Florov, I. M, Khazen, O. A. Chembrovskiy, N. A. Cheremnykh, Yu. A.

Shkolenko, I. I. Shuneyko and S. A. Sokolova (secretary-in-chief)

Editors-in-chief of the collection:

Doctor of Technical Sciences A. N. Ponomarev, N. A. Cheremnykh and Doctor of Tech-
nical Sciences S. A. Popytalov

Contents

V. I. Toloknov, "Supersonic Passenger Aviation -- from Concept to Completion" 3 )

N. M. Degtyarev, M. I. Nisht, "Effect of a Boundary Surface on the Aerodynamic
Characteristics of Wings" 9
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. Basin, B. Ye. Loktev, "On Using Discrete Vortex Methods to Calculate the

Aerodynamic Characteristics of a Propeller in an Incompressible Medium"

. Gulyayev, V. M. Kapatsyn, V. V. Yakovlev, "Calculating Unsteady Aerody-

namic Characteristics of an Airfoil with Jets"

Novad, "On the Problem of Banking Velocity of a Jet Aircraft with
Motion Along a Pursuit Curve"

Sharif'.ulova, "Optimum Mode of Maximum Range of an Orbital Aircraft"

. Betyayev, S. B. Zakharov, G. G. Sudakov, "Concerning the Influence that

the Aspect Ratio of a Flat Wing has on Aerodynamic Characteristics

. Polyayev, F. F. Pomogayev, M. V. Tsvetkova, "Influence of Mass Exchange

on the Aerodynamic Characteristics of a Blunt Wedge'

. Suslonov, "Construction of a Mathematical Model of an Automaton of Non-

linear Constraints in the Problem of Design of Optimum Autopilots"

. Chembrovskiy, M. F. Kulashev, "On Combining a Flightcraft with a Crane"
. Solonin, Yu. Zh. Al'ter-Zalik, O. P. Mukhin, "Combination Balloon-Satellite

Probing of the Atmosphere"

. Afanas'yev, "Automatic Weather Balloons as a Means of Horizontal Probing

of the Atmosphere in a Global Meteorological Observation System"

. Broude, "Concerning the Question of the Tsiolkovskiy Ballast-Free

Dirigible"

. Gokhman, V. A. Parkhomenko, "Using Tsiolkovskiy's Ideas in Designing a

Type 'D' Dirigible"

. Nasonova, L. V. Ponomareva, "Some Questions of the Dynamics of a Multi-

chute System"

In addition, a lecture was delivered by B. I. Kozlenko and Yu. B. Oskret,

"Lateral Controllability of an Airplane with Takeoff and Landing Gear that Oper-

ates on an Air Cushion in Case of Engine Failure when Taxiing".

13
19

23
27

32
38

43
48

58
69
77
81

86

The collection was prepared for publication by N. I. Mizyulina, Tsiolkovskiy State
Museum of the History of Astronautics.
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N UDC 621.438-253,5-71:51~7
CALCULATING THE TEMPERATURE FIELD OF A COOLED GAS TURBINE BLADE

Kuybyshev VIBRATSIONNAYA PROCHNOST' I NADEZHNOST® DVIGATELEY I SISTEM LETATEL'NYKH
APPARATOV in Russian No 6, 1979 p 18

MIKHEYYENKOV, Ye. L.
[From REFERATIVNYY ZHURNAL, TURBOSTROYENIYE No 2, 1980 Abstract No 2.49.43]

[Text] The temperature field in the cross section of a blade is treated as a system

- of heat flows into the coolant with boundary conditions of the third kind on the gas
side. The problem of thermal conductivity and stressed state in the cross section
of the blade is linearized. A linear programming system is worked out for optimiz-
ing the heat state in the cross section of the blade. The criterion functional is
taken as the minimum value of the overall heat flows into the coolant. Figure 1;
references 6.

COPYRIGHT: VINITI, 1980
[8-6610]

6610
Cso: 1861

UDC 621.51

CONCERNING THE MUTUAL INFLUENCE OF RUNNER VANES AND GUIDE VANE ASSEMBLIES ON FLOW
IN AN AXTAL GAP

Khar'kov GAZOVAYA DINAMIKA DVIGATELEY I IKH ELEMENTOV in Russian No 1, 1979 pp 12-30
ANYUTIN, A. N.

[From REFERATIVNYY ZHURNAL, AVIATSIONNYYE I RAKETINYYE DVIGATELI No 9, 1980 Abstract
No 9.34.30]

[Text] Based on the theory of an active disk an investigation is made of a method
of accounting for the change in flow parsmeters due to the mutual influence of rin-
ners and guide vane assemblies on off-design modes. The flow-in angle in the design
mode is taken as equal to zerc. A solution in quadratures is found in some special
cases, and the results of calculation are given. Figures 6; references 4.
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UDC 621.438:629.7

EXPERIMENTAL INVESTIGATION OF FLOW AROUND PERFORATED TURBINE CASCADES WITH ADMISSION
OF AIR ONTO THE SURFACE OF THE VANES IN THE VICINITY OF THE INTAKE EDGE AT DIFFERENT
ANGLES OF ATIACK

Fhar'kov GAZOVAYA DINAMIKA DVIGATELEY I IKH ELEMENTOV in Russian No 1, 1979 pp 114-118
YEMIN, O. I., KUZNETSOV, V. I. and MILOVANOV, V. K.

[From REFERATIVNYY ZHURNAL, AVIATSIONNYYE I RAKETNYYE DVIGATELI No 9, 1980 Abstract
No 9.34.47]

- [Text] Experimental materials are presented on a perforated nozzle cascade under
isothermal conditions. An investigation is made of the influence that the angle of
attack has on the static pressure curve on the blade profile to determine certain
principles that govern the behavior of losses in cascades with regard to the intensi-

- ty of air blow-out onto the profile surface., Figures 3; references 4.
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UDC 621.438:629.7

INVESTIGATION OF THE INFLUENCE THAT COOLANT RELEASE AND ANGLE OF ATTACK HAVE ON THE
DISCHARGE CHARACTERISTICS OF PERFORATED TURBINE CASCADES

Khar 'kov GAZOVAYA DINAMIKA DVIGATELEY I IKH ELEMENTOV in Russian No 1, 1979 pp 118-123
MILOVANOV, V. K.

[From REFERATIVNYY ZHURNAL, AVIATSIONNYYE I RAKEINYYE DVIGATELI No 9, 1980 Abstract
No 9.34-48]

[Text] Experimental data are given on the flowrate characteristics of a perforated
turbine cascade, and also of the perforation channels. A method of calculating flow-
rate characteristics is proposed that 1is based on the results of experiments done
under isothermal conditions. Results are given that are associated with the distri-
bution of coolant flowrate between the perforated back and trough, The author in-
troduces the concept of the lower limiting working mode with respect to coolant
flowrate. Figures 3; references 4.
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upC 629,78.015:535,6.011,55
AERODYNAMIC CHARACTERISTICS AND FLOW AROUND BLUNT BODIES IN A STRONG BLAST

Moscow TRUDY MOSKOVSKOGO VYSSHEGO TEKHNICHESKOGO UCHILISHCHA IMENI N. E. BAUMANA
in Russian No 326, 1980 pp 16-30

ZAKHARCHENKO, V. F.
[From REFERATIVNYY ZHURNAL, RAKETOSTROYENIYE No 9, 1980 Abstract No 9.41.94]

[Text] A method is presented for calculating flow around blunt solids of revolution
in a hypersonic stream under conditions of strong blow-in of gas, and an estimate 15
made of the effect that the intensity of blow-in (one of the decisive parameters of
surface mass exchange) has on flow around the bodies and their aerodynamic character-
istics at different Mach numbers M.. Figures 9; references 5.
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UDC 629.78.015:533.6
SUPERSONIC FLOW AROUND BLUNT BODIES IN A STRONG BLAST

Moscow TRUDY MOSKOVSKOGO VYSSHEGO TEKHNICHESKOGO UCHILISHCHA IMENI N. E. BAUMANA
in Russian No 326, 1980 pp 31-39

BOROVSKIY, Ye. E.

[From REFERATIVNYY ZHURNAL, RAKETOSTROYENIYE No 9, 1980 Abstract No 9.41.95 by
T. A. Ye.]

- [Text] An analysis is made of the results of an experimental study of the effect
that intense blow-in has cn the configuration of a head shock wave, and a study is
done on the spectra of pressure on the surface of a permeable blunt body under con-
ditions of intenmse mass exchange. Calculations showed a considerable increase in
the wave drag coefficient with increasing flowrate of the blow-in air. The results
were confirmed by strain gage measurements showing that the total drag with intense
blow-in is determined chiefly by the drag from pressure. Figures 6; references 2.
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UDC 629.78.015:6.011.5
INVESTIGATION OF GAS FLOW AROUND SOLIDS OF REVOLUTION

Moscow TRUDY MOSKOVSKOGO VYSSHEGO TEKHNICHESKOGO UCHILISHCHA IMENI N, E. BAUMANA
in Russian No 326, 1980 pp 49-54

DANILOV, A. N., OVCHINNIKOV, V. M. and KITAYEV, A. A.

[From REFERATIVNYY ZHURNAL, RAKETOSTROYENIYE No 9, 1980 Abstract No 9.41.96 by
T. A, Ye.]

[Text] The paper gives the results of an experimental study of supersonic air flow
around solids of revolution. The bow end of the investigated models was a sharp
cone with an angle of 0.367 radian (21°) at the tip. The cylindrical part of the
body terminated in a reverse cone with half-vertex angle B having a flat base. The
results of the studies showed that reverse cones with angle B of 0.262 and 0.349
radian have the minimum base drag. However, the total drag is greatest on the model
with 8 = 0.349 rad. Thus the research shows that a gain in drag is realized for
models with reverse cones having small angles (less than 0.262 radian), Figures 4;
. references 2,
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DRAG OF A BLUNT PERMEABLE WEDGE IN A SUPERSONIC FLOW

Moscow TRUDY MOSKOVSKOGO VYSSHEGO TEKHNICHESKOGO UCHILISHCHA IMENI N. E. BAUMANA
in Russian No 326, 1980 pp 98~104

POLYAYEV, V. M. and TSVETKOVA, M. V.

[From REFERATIVNYY ZHURNAL, RAKETOSTROYENIYE No 9, 1980 Abstract No 9.41.97 by
T. A, Ye.] :

[Text] Blow-in of gas along all or part of the permeable surface of a body in a

supersonic flow leads to a change in the nature of flow and redistribution of pres-
sure on the surface, which causes a change in the aerodynamic characteristics. Ex-
perimental studies of a blunt permeable wedge irn a supersonic air flow with blow-in
of air through its surface were done at different angles of attack ¢ and at Mach and
Reynolds numbers of the oncoming flow equal to 6 and 0.062:107 mw™! respectively.

These studies showed that in the presence of mass exchange at the surface of a blunt

22
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wedge, where (pV)units0.0Z, the coefficients of wave drag and normal force are prac-

tically independent of the nature of distribution of blow-in along the surface and

of its intensity, while the coefficient of base drag in this case changes consider-

ably, leading to a change in the total coefficient of axial force. The given results -
can be used to estimate the influence of blow-in on the drag of flat blunt bodies.

Figures 4; references 3. '
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UDC 629.78.015:533.6

A NUMERICAL METHOD OF SOLVING VARIATIONAL PROBLEMS ON THE MINIMUM WAVE DRAG FOR
SLENDER SOLIDS OF REVOLUTION

Ramenskoye UCHENYYE ZAPISKI TSENTRAL'NOGO AEROGIDRODINAMICHESKOGO INSTITUTA in
Russian Vol 11, No 3, 1980 pp 106-108

PERMINOV, V. D.

[From REFERATIVNYY ZHURNAL, RAKETOSTROYENIYE No 9, 1980 Abstract No 9.41,98]

[Text] A numerical method is proposed for solving variational problems on minimum
vwave drag for fairly smooth slender solids of revolution in a supersonic flow at a
zero angle of attack. The method is based on using cubic splines to approximate

the shape of the required solid. References 6.
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UDC 629.78.015:533.6.015.04

ON THE LAW OF CROSS SECTIONS FOR A THREE-DIMENSIONAL BOUNDARY LAYER ON A SLENDER
WING IN A HYYERSONIC FLOW AT AN ANGLE OF ATTACK

Pamenskoye UCHENYYE ZAPISKI TSENTRAL'NOGO AEROGIDRODINAMICHESKOGO INSTITUTA in
Russian Vol 11, No 3, 1980 pp 113-117

DUDIN, G. N.
[From REFERATIVNYY ZHURNAL, RAKETOSTROYENIYE No 9, 1980 Abstract No 9.41.101]

[Text] An investigation is made of three-dimensional flow on a slender wing in a
hyperscnic stream of viscous gas at a small angle of attack. It is shown that in
the general case for the boundary layer or low-aspect wings the law of cross sections
is valid and the error of the zero approximation does not exceed the aspect of the
wing. It is shown by numerical calculations that the presence of angle of attack
has a considerable effect on friction stress in the longitudinal direction and on
heat flow, and has considerably less effect on the friction stress in the trans-
verse direction. Figures 4; references 2.
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MECHANICS OF SOLIDS

UDC 629.78.015.4

ON NUMERICAL SOLUTION OF THE PROBLEM OF THERMOELASTICITY OF SANDWICH SHELLS OF
COMPLEX SHAPE THAT ARE SHALLGW RELATIVE TO A REFERENCE SURFACE

Kuybyshev VOPROSY PROCHNOSTI I DOLGOVECHNOSTI ELEMENTOV AVIATSIONNYKH KONSTRUKTSIY
in Russian No 5, 1979 pp 16-24

PAYMUSHIN, V. N. and SOMOVA, Ye. S.
[From REFERATIVNYY ZHURNAL, RAKETOSTROYENIYE No 2, 1980 Abstract No 2.41.149]

[Text] An examination is made of the problem of calculating sandwich shells of com-
- plex shape with a light orthotropic filler. This problem is solved by using an ap-
proach in which the middle surface of the filler ¢ is mapped onto some surface of
simple geometry o, normalized to lines of curvature a) = const oge, which is called
the reference surface. Expressions are derived on the basis of Grigolyuk-Chulkov
- "~ relations for the strain components of the layers in the case where o is shallow
relative to o5, Equations of equilibrium are obtained that correspond to these
strain components, and boundary conditions are formulated for shells in which the
normal projection of contour lines yjeo (§ = 1.4) coincides with the coordinates of
lines o) = const ope. Based on the resultant equatioms, a numerical method is de-
veloped for solving the problem of thermoelasticity fer open shells of complex shape
in which the middle surface is shallow relative to an arbitrary surface of zero
gaussian curvature. The technique is based on using a variational modification of
an integral-difference method developed in this paper as applied to the investigated
class of problems. References 5.
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UDC 629.78.015.4

PREDICTING AND ANALYZING THE PROCESS OF FATIGUE FAILURE OF STRUCTURAL SPECIMENS AND
COMPONENTS

Kuybyshev VOPROSY PROCHNOSTI I DOLGOVECHNOSTI ELEMENTOV AVIATSIONNYKH KONSTRUKTSIY
an Russian No 5, 1979 pp 124-131

MOSTOVOY, A. S, and PROKHOROV, A. G.
[From REFERATIVNYY ZHURNAL, RAKETOSTROYENIYE No 2, 1980 Abstract No 2.41,155]

[Text] Based on the linear-discrete hypothesis of damage accumulation and the con-
comitant method of durability calculation, the authors predict and analyze a number
of parameters that characterize the process of fatigue failure: the instant of
crack inception, stresses, damage and intensity of its accumulation, relaxation of
the external load with rigid loading, and the instant of fracture. Figures 5; ref-
erences 8.
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UDC 629.78.015.4

ON DETERMINING EQUIVALENT CONDITIONS OF TESTING AND DURABILITY OF COMPONENTS THAT
OPERATE UNDER CONDITIONS OF BENDING AND TWISTING

Kuybyshev VOPROSY PROCHNOSTI I DOLGOVECHNOSTI ELEMENTOV AVIATSIONNYKH KONSTRUKTSIY
in Russian No 5, 1979 pp 96-101

) KHAZANOV, Kh. S. and CHURAKOV, A. A,
{From REFERATIVNYY ZHURNAL, RAKETOSTROYENIYE No 2, 1980 Abstract No 2.41.161]

[Text] A method is proposed for determining simple harmonic testing conditions that
are equivalent with respect to durability to harmonic loads that cause bending with
twisting. The assumed criterion of equivalence is equality of the fatigue damages
caused by the complex stressed state and by simple loading over equal time periods.
- The control experiment showed that durability of specimens in bending with twisting
- agrees quite satisfactorily with the durability under equivalent loading conditioms.
Figures 5; tables 2; references 2,
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UDC 621,438:539.4.01
LONG-TERM STRENGTH OF TURBINE DISKS
Moscow RASCHETY NA PROCHNOST' in Russian 1979 pp 30~40
MALININ, N. and NIGIN, A, A.
[From REFERATIVNYY ZHURNAL, TURBOSTROYENIYE No 2, 1980 Abstract No 2.49.51]

[Text] A method is presented for calculating long-term strength of turbine disks
- under unsteady loading. The calculations take consideration of the anisotropy of
- properties of the material as well as intergrain and intragrain damageability that
arises due to strain of the material beyond the elastic limit and under conditions
of creep. The calculation is done by the finite element method. An estimate is
made of the time to failure of a totally cast disk with blades on "mounts" under
cyclic loading. Figures 5; references 13,
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- . UDC 62-35-251:534.1
EFFECT OF ROTATION ON THE NATURAL FREQUENCIES OF CONICAL SHELLS

Khar'kov UKRAINSKAYA RESPUBLIKANSKAYA NAUCHNO-TEKHNICHESKAYA KONFERENTSIYA., METODY
I MODELI V SISTEMAKH AVIOMATIZIROVANNOGO PROYEKTIROVANIYA ENERGETICHESKIKH TURBO-

- USTANOVOK, GOTVAL'D, 1979. TEZISY DOKLADOV [UKRAINIAN REPUBLIC-WIDE SCIENTIFIC AND
TECHNICAL CONFERENCE ON METHODS AND MODELS IN SYSTEMS FOR AUTOMATED DESIGN OF TURBINE
POWER PLANTS, Gotval'd, 1979. Abstracts of the Papers] in Russian Part 2, 1979
pp 11-12

VOROB'YEV, Yu. S. and DETISTOV, S. I.
[From REFERATIVNYY ZHURNAL, TURBOSTROYENIYE No 2, 1980 Abstract No-2.49.77]

[Text] An expression is derived for the potential energy of a shell (elements of
the rotors and disks of turbomachinery) with consideration of transverse shear de-
formations. The kinetic energy of a nonrotating shell from work of centrifugal and
Coriolis forces is determined. Equations are derived for oscillations of a conical
shell rotating about its own axis. The method of finite elements is used to get
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the influence that the frequency of rotation and geometry of the shell have on its
natural frequencies of oscillations. It is shown that rotation has a considerable
effect on natural oscillations of shells.
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